ABSTRACT: Consumers are concerned with fat consumption from meat products, and the ability to determine fat has changed with recent technological advances. The objective of this study was to predict fat percentage within marbling scores and compare 3 fat analysis procedures. Steaks (n = 119) were selected by USDA grading system using an E + V Vision Grading camera at a commercial beef plant during 1 d. Two samples per carcass were cut from the 13th rib, both sides, and transported to the University of Missouri meat laboratory. The sample from the right side of the carcass was allotted to Warner-Bratzler shear force, and the sample from the left side, which was graded by the camera, was allotted to fat extraction. Warner-Bratzler shear force samples were cut into 2.54-cm steaks and aged for 14 d. Steaks allotted to fat extraction were trimmed of all external fat and twice ground using 8-and 4-mm grinding plates. The finely ground beef was then split into its allotted fat-extraction methods. The 3 methods used in fat extraction were 2:1 chloroform/methanol (Folch), ether-extractable fat (ether), and microwave drying and nuclear magnetic resonance (CEM). Warner-Bratzler shear force values were not different between marbling scores (P > 0.05). Regardless of fat extraction method, fat percentage increased as marbling score increased (P < 0.05). All regression equations for fat percentage, regardless of extraction method, were linear. Prediction equation for fat percentage using CEM was −3.46 + 0.016 (marbling score), R 2 of 0.824 (P < 0.0001). Prediction equation for fat percentage using ether was −3.08 + 0.017 (marbling score), R 2 of 0.859 (P < 0.0001). Prediction equation for fat percentage using Folch was −3.42 + 0.019 (marbling score), R 2 of 0.816 (P < 0.0001). When the CEM, Folch, and ether methods were compared, CEM and Folch regression lines had different slopes (P < 0.05). The slope of the regression line for ether was not different (P > 0.05) from CEM or Folch. Overall, ether is the most accurate method based on the R 2 value, but CEM is environmentally safe and the fastest method for determining total crude fat percentage.
INTRODUCTION
Marbling is the number 1 factor in valuing beef carcasses both by industry and consumers. Consumers use marbling as a basis for estimating eating quality and nutritional value of beef steaks. Eating quality is commonly defined as a combination of tenderness, juiciness, and flavor. An increase in USDA quality grade has been shown to increase flavor, tenderness, and overall palatability (Smith et al., 1987) . Savell et al. (1986) determined total fat percentage using ether-extractable fat within beef USDA marbling scores of LM. Since 1986, cattle genetics and carcass traits have changed and there has been an increase in acceptable laboratory methods for total crude fat analysis. Although ether-extractable fat is still considered the gold standard method for fat extraction, other methods of fat extraction currently used include chloroform/methanol and rapid determination of moisture and fat in meats by microwave and nuclear magnetic resonance (NMR).
The development of instrument grading has also had an impact on the beef industry. Instrument grading for determining USDA quality grades of beef carcasses was accepted in 2006 by the USDA (Woerner and Belk, 2008) . Some of the major advantages of this technology include enhanced grading accuracy and consistency, improved producer and packer confidence in grades, and increased efficiency in the workplace (Lorenzen, 2008) .
Determining the amount of fat within marbling scores can serve as a basis for nutritional labeling, confirming instrument grading, or determining compositional differences within beef cattle populations. Therefore, the objectives of this study were to predict the percentage of fat within USDA marbling scores for raw steaks, determine the relationship between 3 fat content detection methods in raw meat, and determine tenderness in relation to USDA marbling scores.
MATERIALS AND METHODS
Animal Care and Use Committee approval was not obtained for this study because all of the samples used were collected at a federally inspected meat facility.
Sample Selection and Preparation
Samples (n = 119) were selected by USDA grading system (USDA, 1997) using an E + V Vision Grading camera (VBG2000, E + V Technology, Oranienbury, Germany) at a commercial beef plant within a 12-h period (Table 1) . One sample, approximately 5.08 cm thick, was cut from both sides of the carcass at the 13th rib, directly above the graded steak, and transported to University of Missouri meat laboratory on ice. The sample from the right side of the carcass was allotted to Warner-Bratzler shear force (WBSF), and the sample from the left side, which was graded by the camera, was allotted to fat extraction. All samples were aged for 14 d in the University of Missouri Meat Laboratory cooler (approximately 2°C).
WBSF
Warner-Bratzler shear force was performed according to AMSA (1995) guidelines. Samples for WBSF were cut into 2.54-cm-thick steaks, vacuum packaged, and aged for 14 d. Raw weight of each steak was recorded. A copper constantan thermocouple was placed in the geometric center of each sample and attached to an HH-21 calibrated thermometer (Omega Engineering, Inc., Stamford, CT). Samples for WBSF were cooked using a Hamilton Beach Portfolio Indoor/Outdoor Grill (Washington, NC) to an internal temperature of 35°C, flipped once, and removed from the grill at 71°C. Final temperature was recorded. Cook weight of each steak was taken immediately after being removed from the grill. Steaks were then cooled at room temperature for 4 h. Six cores (1.27 cm diameter) were taken from each steak parallel to the muscle fibers. Cores were then sheared perpendicular to the muscle fibers using the United STM "SMART-1" Test System SSTM-500 (United Calibration Corp., Huntington Beach, CA) with a Warner-Bratzler shear blade (STD-24-WBSB, United Calibration Corp.). Settings include force units (kg), linear units (mm), cycling (1 × 70 mm), test speed (250 mm/min), return speed (500 mm/min), and set-up scales (capacity = 226.8). Shear force values for each core were recorded as the peak force. The mean WBSF values of the 6 cores were converted to newtons (kg × 9.8) and reported for each steak.
Fat Extraction Methods
Steaks allotted to fat extraction were trimmed of all external fat and twice ground using 8-mm and 4-mm grinding plates. The finely ground beef was mixed by hand and then split into three 200-mL plastic pathology containers labeled for fat extraction. The 3 methods used in fat extraction were 2:1 chloroform:methanol (Folch) , microwave drying and NMR (CEM) using CEM SMART Trac system (Matthews, NC), and ether extraction (referred to as ether hereafter) using petroleum ether. Samples were frozen (approximately −18°C) until extraction could be performed. Samples were thawed in a refrigerator (approximately 0°C) for 24 h before sample preparation. Samples were run in triplicate for each method. Any samples with mean values not within 3 SD of the fat determination method mean were reprocessed.
Folch. This method was performed according to Folch et al. (1957) . One gram samples were weighed and placed in 10-mL glass centrifuge tubes. Approximately 5 mL of chloroform/methanol [CHCl 3 :CH 3 OH, 2:1 (vol/vol)] solution were added to the sample and homogenized with an Omni International 2000 homogenizer (Waterbury, CT) for 30 s. Samples were transferred to 50-mL centrifuge tubes. The 10-mL tubes were rinsed with chloroform/methanol solution and transferred to the 50-mL tube until the final volume was approximately 15 mL. To extract lipids, samples were allowed to sit under a hood for 30 min. The homogenized samples were then filtered through a sintered glass filter funnel into a second 50-mL centrifuge tube. The homogenate was rinsed 2 to 3 times with a chloroform/methanol solution. A volume of 8 mL of KCl (0.74% KOH in methanol) was added to the filtered sample and vortexed for approximately 30 s. Samples sat for 2 h until 2 distinct phases appeared. The upper phase was carefully removed and discarded. The remaining sample was placed in a preweighed, 20-mL disposable scintillation vial and the 50-mL tube was rinsed 2 to 3 times with chloroform/methanol into the vial. The chloroform/methanol solution was evaporated to dryness with N 2 using the Meyer N-Evap Analytical Evaporator (Organomation Associates Inc., Berlin, MA). The extracted fat and glass vial were weighed, and fat percentage was determined directly by weight.
CEM. This method was performed according to Keeton et al. (2003) . Using the CEM SMART Trac rapid fat analysis system, 2 CEM spare sample pads were dried and 3.75 to 4.5 g of sample was smeared across one of the pads. The second pad was placed over the sample, sandwiching the sample between both pads. Moisture percentage was determined by weight using the CEM Moisture/Solids Analyzer. The dried sample was then wrapped in TRAC paper and placed into a CEM TRAC tube and packed to the bottom of the tube. The tube was placed into the CEM Rapid Fat Analyzer. Fat percentage was determined on a dry basis using NMR and converted to a wet basis.
Ether. Fat was extracted using AOAC Method 960.39 (AOAC, 2007) for ether-extractable fat. Approximately 4 g of sample, 2.4 g of sand, and a cotton ball-size portion of glass wool were added to preweighed extraction thimbles. Samples were mixed with the sand using glass rods, and the glass wool was used to cover the sample in the extraction thimble. Samples were dried in a 100°C drying oven for 24 h. Samples were then placed in a desiccator and cooled to room temperature at which time dry weight was recorded. Samples were then placed into a Labconco goldfish ether extraction apparatus (serial No. 65382, Kansas City, MO). Approximately 50 mL of petroleum ether (E139-20, Fisher Science, Fair Lawn, NJ) per sample were used for fat extraction. Ether was allowed to drip through samples for 6 h. Samples were removed and left to dry for 24 h. Samples were then dried at 100°C in drying oven for 90 min. Samples were again placed in a desiccator and allowed to cool to room temperature, at which point weights were recorded. Fat percentage was determined indirectly by weight lost.
Statistical Analyses
Data was analyzed using SAS (SAS Inst. Inc., Cary, NC). Means and SD for carcass data were determined using the MEANS procedure. Data for percentage of extractable fat and tenderness were analyzed as a splitplot in which degree of marbling score was the main plot and method and degree × method was the subplot. Mean differences were determined using PROC MIXED. Mean differences were determined using Fisher's LSD. A P-value <0.05 was considered significant.
Regression equations and slope differences were determined by analysis of covariance using the GLM procedure. The GLM procedure using type I sum of squares was used to compare regression equations by method and by degree. Linear, quadratic, and cubic polynomial orthogonal contrasts were performed to test differences between regression equations, which indicated that at least 2 slopes were different (Table 2 ) over all marbling scores. When comparing slopes within each marbling score by method, type I sum of squares shows all methods had the same slope (P > 0.05). Therefore, methods were pooled together to obtain regression equations for each marbling score using the REG procedure.
RESULTS AND DISCUSSION
In this study all samples used for fat extraction were graded by the E + V Vision Grading camera, which was approved by the USDA in 2006 as meeting the Performance Requirements for Instrument Marbling Evaluation I (PRIME I; Woerner and Belk, 2008) . To meet PRIME I standards, the instrument had to demonstrate accuracy and precision of marbling score with 95% repeatability (USDA, 2006a) . Studies show that this system was very accurate and over 98% repeatable at commercial production speeds (Woerner and Belk, 2008; Moore et al., 2010) . Before instrument assessment of marbling score can be fully implemented, it must meet both PRIME I and Performance Requirements for Instrument Marbling Evaluation II (PRIME II) requirements before approval by the USDA (USDA, 2006a,b) . The PRIME II states that an establishment must have documentation of daily in-plant verifications and procedures that ensure accuracy and precision properly made by calibration and verification instruments that have been approved for marbling assessment (USDA, 2006b). The PRIME II has yet to be approved by the USDA.
Recent studies have shown that instrument grading and expert USDA graders were in agreement with each other (Shiranita et al., 2000; Woerner and Belk, 2008) ; therefore, comparisons between this study and other studies that only used USDA graders were considered valid.
Carcass Traits
Carcass traits of cattle selected for this study are shown in Table 3 . Compared with the National Beef Quality Audit (NBQA; Garcia et al., 2008) , the cattle in this study were heavier, lighter muscled, had less fat but greater numerical USDA yield grades than the average population. The reason for these differences was due to sample selection. The NBQA was a random sample of the population as opposed to directly selecting for specific marbling scores in a proportion skewed toward greater USDA quality grades. The NBQA confirms the relationship that as quality grade increases, yield grade also increases (Garcia et al., 2008) . 
Tenderness
Warner-Bratzler shear values were not different regardless of marbling scores (P > 0.05; Table 4 ). These results agree with Smith et al. (1984) who found that marbling score did not affect WBSF values. A possible explanation for these results may be due to the greater number of tender beef animals. According to Shackelford et al. (1991) , a WBSF value of 45.1 N or less was rated by consumers to be slightly tender. Of our sample population, 96.6% (data not presented in tabular form) had WBSF values of less than 45.1 N, indicating that almost all of our sample population would be considered tender. It is more difficult to find differences in tenderness when there is a lack of variation in WBSF values in the population.
Means for WBSF within USDA quality grades are shown in Table 5 . There were no differences in WBSF due to quality grade (P > 0.05). The National Beef Tenderness Surveys also found that USDA quality grade failed to explain the variation of WBSF values Brooks et al., 2000; Voges et al., 2007) . On the contrary Smith et al. (1987) found that as USDA quality grade increased, WBSF values decreased and sensory panel ratings increased, indicating that greater quality grades were more tender. However, since 1987 there has been a greater focus on meat tenderness and the majority of steaks in recent studies have been reported as tender (WBSF <45.1 N), which could be a result of longer aging periods and more gradual chilling rates (Voges et al., 2007) .
Crude Fat
Fat percentage increased as marbling score increased (P < 0.05) regardless of fat extraction method (Table  4) . These results agree with previous research where ether was used and indicated that fat percentage increased with an increase in marbling scores (McBee and Wiles, 1967; Savell et al., 1986; Moore et al., 2010) . Strong, positive correlations (P < 0.0001) were observed between marbling score and fat percentage for each method: CEM (r = 0.91), ether (r = 0.93), and Folch (r = 0.90; data not presented in tabular form). Similar correlations were also observed in previous research (McBee and Wiles, 1967; Armbruster et al., 1983; Moore et al., 2010) .
In this study, least squares means of ether-extractable fat were numerically greater for Slightly Abundant (SLAB), Moderate (MD), and Modest (MT) and less for Small (SM) and Slight (SL) compared with Savell et al. (1986) . Compared with Moore et al. (2010) , means for ether-extractable fat in this study were numerically greater for SLAB, MD, and SL and less for MT and SM. Garcia et al. (2006) reported the same relative relationships using microwave drying and NMR with the CEM SMART Trac for determining percentage of fat within LM. Means for CEM fat were numerically less for all marbling levels in this study compared with Garcia et al. (2006) , which may be due to sample size differences. Overall, greater marbling scores were expected to result in greater fat percentages because Means within a column lacking a common subscript letter differ (P < 0.05).
x-z
Means within a row lacking a common superscript letter differ (P < 0.05). 1 SLAB = Slightly Abundant, MD = Moderate, MT = Modest, SM = Small, SL = Slight. 2 CEM = microwave drying and nuclear magnetic resonance; ether = ether-extractable fat; Folch = 2:1 chloroform/methanol. marbling score is based on the amount of visible fat present within the LM, and visible fat makes up a large proportion of intramuscular fat.
When comparing methods, Folch and ether extraction produced a greater percentage of fat as marbling score increased than CEM for marbling scores SM, MT, and SLAB (P < 0.05; Table 4 ). All 3 methods extracted different amounts of fat at SL and MD marbling scores with Folch having the greatest fat percentage and CEM having the least fat percentage (P < 0.05). Overall, Folch extracted more fat than CEM (P < 0.05). Statistically, Folch and ether extracted the same amount of fat in this study; however, previous research has shown that Folch extracts, on average numerically, 6.2% more fat than ether (Rhee et al., 1988) , whereas in this study Folch extracted 6.9% more fat than ether, which was slightly greater than Rhee et al. (1988) . Another study compared the Folch method with HCl digestion followed by ethyl ether extraction, and results indicated that the Folch method was superior to acid digestion with ether extraction (Hubbard et al., 1977) .
The Folch solvent is a mixture of 2 parts nonpolar chloroform and 1 part polar methanol (Shahidi and Wanasundara, 2002) . This solution allows for a greater extraction of tissue lipids than other methods. Like ether, chloroform and methanol extract neutral lipids such as triacylglycerides (TAG) and cholesterols (Shahidi and Wanasundara, 2002) . However, unlike ether, the Folch method also extracts phospholipids (Shahidi and Wanasundara, 2002 ) that ether and CEM methods do not detect. The polarity of methanol extracts more polar lipids including phospholipids and shortchain fatty acids (Shahidi and Wanasundara, 2002) . Ether can also extract lipid-soluble vitamins, flavor compounds, and color compounds that are not desired when determining total lipid content (Shahidi and Wanasundara, 2002) . The CEM uses NMR to detect radio frequencies emitted from hydrogen nuclei (H + or protons) of different food components (Shahidi and Wanasundara, 2002; Keeton et al., 2003) . Lipids emit the slowest signal compared with all other food components (Shahidi and Wanasundara, 2002) . Total fat percentage is determined by the intensity of the signal using the CEM computerized detector. Signal intensity is directly proportional to the number of lipid protons (Shahidi and Wanasundara, 2002; Keeton et al., 2003) .
In this study, the Folch and ether methods were shown to detect more fat than CEM (P < 0.05; Table  4 ). The CEM SMART Trac system has more recently been compared with the AOAC-approved ether method. Past research has shown that the CEM system is comparable with the ether method (Keeton et al., 2003; Leefler et al., 2008) , although results from this study did not show that. Possible explanations for these differences may be sample size differences and product differences. This study had a greater sample size and only compared beef samples, whereas Keeton et al. (2003) and Leefler et al. (2008) compared beef, pork, and poultry products.
Prediction Equations for Fat Determination Methods
Quality grade is determined based on marbling score and maturity. In this study all animals were of A maturity. Marbling score includes the amount of visible intramuscular fat as well as how the fat is distributed and the color of the lean. Steaks with even marbling distribution are assigned at a greater grade than those that have uneven marbling distribution. All fat determination methods in this study determined total fat of the sample only. This may explain variation of total fat percentage within marbling scores. Therefore, some samples with increased fat percentages may have had fat that was not evenly distributed and thereby given a reduced marbling score. As marbling score increased, variation in fat percentage within each method increased as well (Table 4 ; Figure 1 ). Moore et al. (2010) also reported an increase in fat percentage variance as marbling score increased and that both expert panel graders and camera grading precision decreased as marbling score increased. Garcia et al. (2006) found similar results of variation in fat percentage using the CEM.
Prediction equations for all fat percentage determination methods were linear (Figure 1 Savell et al. (1986) and Garcia et al. (2006) reported decreased R 2 values compared with those found in this study, indicating that the equations found in this study were slightly more accurate. Savell et al. (1986) used USDA graders to determine marbling scores. Garcia et al. (2006) used trained panelists and a computer scanning system to measure marbling score. In this study, only camera grading was used to determine marbling score. These differences in marbling score determination and differences in sample size may explain the variation between regression equations. Variation may also be caused by differences in sample selection. In this study we selected for specific marbling scores compared with Garcia et al. (2006) who selected for quality grades and Savell et al. (1986) who showed a skewed selection based on population.
When comparing regression equations of all 3 methods, the slope for CEM and Folch were different (P < 0.05). The ether regression equation had the same slope as both CEM and Folch (P > 0.05). Therefore, as marbling score increased, the Folch method detected a greater percentage fat than CEM. These results may be explained by the increased variation of fat percentage at the greater marbling scores. Increased variation at greater marbling scores may be a result of camera error, in that the camera may not be detecting smaller flecks of fat or the unevenness of the distribution that CEM, Folch, and ether methods would detect. In addition, as the amount of fat within samples increases, there is an increased potential for error. 
Conclusions
Tenderness was not affected by USDA quality grade or marbling score and tenderness variation in this study was small; therefore, determining if the degree of marbling was a suitable indicator of tenderness was not possible. As marbling score increased, total fat percentage also increased. The Folch and ether methods extracted similar amounts of fat, and both detected more fat than CEM. Folch extracted the greatest amount of fat numerically; however, it may be overestimating crude fat because the phospholipid bilayer that surrounds the cell is also extracted. The prediction equation for Folch indicated an increase in fat extraction as marbling score increased compared with CEM. The prediction equation for ether was the same as both CEM and Folch. Ether is the most accurate method based on the R 2 value. Regardless of these factors, the results suggest that any of the 3 methods, CEM, Folch, or ether, can be used to determine total fat percentage. However, CEM is environmentally safe and the fastest method for determining total crude fat percentage. In addition, the prediction equations can be used to verify the camera grading system by determining fat percentage using any of the fat determination methods above and solving for the marbling score.
